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INTRODUCTION 


in selecting experiments for this volume, I have tried to 
keep in mind two guiding principles. First, avoid 
experiments requiring special equipment that cannot be 
found in an average home. Second, concentrate on 
experiments that in addition to being amusing, 
astonishing, or entertaining, also teach something of 
importance about science. 

Some of the tricks in this book, I must confess, were 
known to the ancient Greeks, but many are quite new 
and now appear in printed form for the first time. Who 
invents these clever diversions? I sometimes suspect that 
many of them are the brainchild of distinguished 
scientists who have not lost their boyhood spirit of play. 
Such a man was Robert W. Wood, a professor of physics 
at Johns Hopkins University. When he was not working 
on important projects or writing technical papers, Doctor 
Wood amused himself by playing practical jokes on his 
colleagues, exposing pseudo-scientists and spirit 
mediums, writing science fiction, and helping the police 
solve bombing mysteries. His quaint little book of 
drawings and verse, How to tell the Birds from the Flowers, 
has been reprinted in paperback (New York: Dover 
Publications). 

Several decades ago, when there was a spirited 
public debate over whether pitched baseballs could 
really be made to curve, Wood devised a simple 
demonstration. He took a large, Hat rubber band, cut it to 
make one long strip, then wound it tightly around a ping- 
pong ball. By holding the free end of the band he was able 


to snap the ball forward, at the same time imparting to it 
a strong spin. The curving of the ball's path was clearly 
visible. This experiment was not included in this 
collection because huge, flat rubber bands are hard to 
come by, but Bernoulli's principle, which explains why 
baseballs curve, is easily demonstrated with a spool and 
card. 

To get the greatest value from this collection, try to 
follow up the experiments with exploratory reading. 
Better still, read the chapter on it in the fascinating book, 
Mathematics and Imagination, by James Newman and 
Edward Kasner (G. Bell & Sons Ltd., 1949). Do not just 
set fire to a lump of sugar and then forget about it. See 
what you can learn about catalysts and the role they play 
in important chemical changes. 

One other suggestion. If you want to entertain your 
friends—and some of the experiments in this book are 
superb party tricks—practise them a few times before you 
demonstrate. 'Harpooning' a raw potato with a drinking 
straw, for instance, is an amazing parlour trick, but you 
may have to damage many straws before you get the 
knack. Sherwood Anderson wrote a famous short story, 
'The Triumph of the Ege’, about a restaurant owner who 
failed miserably in trying to show a customer how to put 
an egg into a bottle. If the poor fellow had only practised 
his trick a few times, he might not have forgotten what to 
do to make it work. 

If you know, or should you invent, an unusual 
science experiment that is not in this collection, drop me 
a note about it in care of the publisher. I cannot promise 
that I will find time to answer your letter, but I shall be 
most grateful, and, perhaps, I will be able to use your 
discovery in a second collection. 


Martin Gardner 





ASTRONOMY 





WATCH BECOMES COMPASS 


Did you know that a watch can be used as a reliable 
compass on any day the sun is visible? Simply hold 
the watch flat and point the hour hand in the 
direction of the sun as shown. Imagine a line 
running from the centre of the watch through a 
point midway between the hour hand and the 
number twelve. This line will point south. 

The rule to remember is this. Before twelve noon, 
you bisect the angle formed by going anti-clockwise 
from the number twelve to the hour hand. After 
twelve noon, you bisect the angle formed by going 
clockwise from the number twelve to the hour hand. 

A little astronomical reflection should make 
clear why this works. In our hemisphere, the sun is 
due south at noon. If at that time we point the hour 
hand at the sun, both the hand and the number 
twelve will point south. Before that time, the sun will 
lie anti-clockwise from the number twelve, and after 
that time, clockwise. During the twenty-four hours 
from twelve noon to twelve noon, the sun will make 
a complete circle back to its starting point, but the 
hour hand will make two circles in the same direction 
around the dial. Thus, the distance the hour hand 
travels, and the angle determined by its travel, must 
be halved. 


On the other side of the equator the number 
twelve must be pointed at the sun. The angle 
between this number and the hour hand will then 
indicate north. 
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OATMEAL-BOX PLANETARIUM 





Cylindrical cardboard boxes can be used for 
projecting beautiful images of star constellations on 
the wall or ceiling. Copy the constellation you wish 
to study on a sheet of thin paper. (You can find star 
charts in books on astronomy or accompanying an 
article on constellations in an encyclopaedia.) Place 
the drawing face down on the outside of the bottom 
of the box. You should be able to see the star dots 
through the paper. With a nail, punch holes through 
the box at each dot. These holes form a mirror-image 
pattern of the constellation, but it will appear 
normal when projected. 


To operate your ‘planetarium, take it into a dark 
room and insert a torch into the open end. Tilt the 


10 


torch so that it shines against the side of the box 
rather than directly towards the holes. This will 
throw an enlarged image of the constellation on the 
wall. By turning the box you can study all positions 
of the configuration. 


PENNY PARADOX 


How many times does the earth rotate during 
one complete journey around the sun? The answer 
depends on your point of view. As seen from the 
sun, the earth makes 3651/4 turns. But as seen from 
a fixed star, it retates 3661 /4 times. So the ‘sidereal 
day' (a rotation relative to a star) is a bit shorter than 
a ‘solar day’. 





The extra rotation is easily explained by the 
following simple experiment. Place two pennies flat 
on a table, edges touching, as shown. Hold the 
lower coin firmly with your left forefinger while you 
rotate the other penny around it (the edges should 
touch at all times). After the penny is back where it 
started, how many somersaults has the head made? 
The surprising answer is not one but two. To an 
observer on the central penny, the outside penny 
would rotate only once, but to you, the ‘sidereal' 
observer, an additional rotation has occurred. 
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CHEMISTRY 


Sern CUBE 
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The word ‘catalyst’ is used in chemistry for any 
substance that causes a chemical reaction to take 
place in its presence, but does not itself change 
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during this reaction. This can be demonstrated 
easily with a sugar cube, a tiny amount of cigar of 
cigarette ash, and matches. 

First, put the sugar cube on a dish and see if you 
can set fire to it with a match. You will find it 
impossible to do. Now rub a bit of ash on one side of 
the cube and try again. This time it catches fire and 
burns steadily! 
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The ash, of course, is the catalyst. Its presence 
causes the sugar to ignite, although the ash itself is 
not combustible and remains unchanged 
throughout the burning. 
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US T THAT CUBE 





A single ice cube is floating in a glass of water. You 
hold a piece of string about four inches long. 
Problem: without touching the ice with your 
fingers, lift the cube out of the glass with the string. 

This puzzle should be presented at the dinner 
table where a salt-cellar is available, for the solution 
makes use of the fact that salt causes ice to melt. Lay 
the string across the cube, as shown. Sprinkle salt on 
top of the ice. The ice around the string will start to 
nielt. But in doing so, it will take in heat from the 
surrounding water which will refreeze about the 
string. After a minute or two, lift the string. The 
cube will adhere tightly to it! 

There is a lesson here for anyone who sprinkles 
salt on an icy pavement. Unless you use enough salt 
to melt all the ice, the water will freeze again. 
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COPYING FLUID 


With the aid of this fluid, newspaper photographs 
and cartoons can be transferred easily from the 
newsprint to blank sheets of paper. To make the 
fluid, mix four parts of water with one part of 
turpentine. Add a bit of soap about the size of a 
pencil rubber and shake the mixture until the soap is 
dissolved. The purpose of the soap is to form an 
emulsion that keeps the turpentine and water 
(which have different specific gravities) from 
separating. 
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To copy a newspaper picture, moisten the 
picture with the liquid, place a blank sheet of paper 
on top, then rub the paper vigorously with the bowl 
of a spoon. The turpentine dissolves enough of the 
ink so that a reverse impression of the picture is 
transferred to the paper. 
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PHYSIOLOGY & 
PSYCHOLOGY 


CATCH THE NOTE 





Hold a pound or ten-shilling note in your left hand 
as shown and poise your right hand to catch the 
note, but with fingers and thumb not quite touching 
it. If you release the note, you will find it easy to 
catch with your right hand before it falls to the floor. 

Now, see if someone else can catch the note 
when you release it. Let him place his thumb and 
fingers on either side of the note, as you did before. 
Drop the note. His fingers will close on empty air. 
You can repeat this as often as you wish. The 
chances are that he will not be able to catch the note. 

The reason why the trick is so easy when you try 
it on yourself is that your brain is able to send 
‘release’ and ‘catch’ signals simultaneously to your 
two hands. But when you hold the note for someone 
else to catch, his brain must first see it fall, then send 
a catch signal to his fingers. This takes just a trifle 
too long to permit a successful catch. 
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PULSE DETECTOR 


There are many kinds of expensive equipment for 
translating the human heartbeat into some sort of 
visual phenomenon. This simple device, costing less 
than a penny, will enable you to detect your own 
heartbeat quite distinctly. 

Just stick a drawing-pin into the base of a large 
matchstick and balance it on your wrist at the spot 
where you can feel the pulse. The arm should be 
resting comfortably on a table. The head of the 
match will vibrate slightly, like a tiny metronome, 
with each pulsation of your heart. 
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THE CROOKED PATH 


START 


FINISH 


Drawing pictures or printing letters is very difficult 
for a young child. The reason: he has not yet built up 
a store of conditioned reflexes that tell him how to 
move his hand to produce a desired visual effect. 
Here is an amusing way to put yourself in the 
child's place and experience something akin to his 
problems of coordinating hand and eye. 


Place this page in front of a mirror. Pile some 
books between you and the page, so that you can 
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see the page only by looking over the books and into 
the mirror. Reach around the books with a pencil in 
hand, and place the point at the spot marked ‘Start’. 
Now see if, looking only in the mirror, you can trace 
the entire path without going over the borders. It 
isn't easy, because your deeply ingrained eye-hand 
habit patterns fail to apply to the reverse image. 


ONE OR TWO POINTS? 
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Bend open a hairpin until its points are about an 
inch and a half apart. Ask someone to close his eyes 
and tell you whether you are pressing one or both 
points of the hairpin against his forearm. 
Surprisingly, he will be unable to distinguish one 


23 


sensation from the other. The widely separated 
points will feel exactly like a single point. 

Now close the hairpin until its points are only '/ 
jpof an inch apart. Repeat the same test on the 
subject's fingertips. This time, he will have no 
difficulty in distinguishing one from two points. 


Different parts of the body vary enormously in 
their ability to distinguish separate points of 
pressure. You can, if you wish, make a chart of body 
sensitivity. 


FLOATING SAUSAGE 
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To see this curious optical illusion, first, place the 
tips of your index fingers together, holding them 
about three inches in front of your eyes as shown. 
Look past the fingers, focusing your eyes on 
something in the distance.- 

Now separate the tips of your fingers about half 
an inch. You will see a sausage-shaped finger, with 
a nail at each end, floating, all by itself, in the air 
between your fingertips! 
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This is what happens. By focusing on a distant 
point, you prevent the separated images of your 
fingers (one image in each eye) from fusing 
properly. The position of your hands is such that 
your left eye's image of your left finger and your 
right eye's image of your right finger partially 
overlap to form the solid-looking sausage that 
seems to be floating in spacel. 


22 


CIRCLES ON THE CARD 


Draw four heavy lines on a rectangular piece of 
cardboard, as shoWni. Push a pin through the centre, 
and holding the pin, spin the card. Surprisingly, 
you will see two concentric circles. 

This puzzling illusion arises from the fact that 
there is a spot on each line which traces a smaller 
circle than any other spot whil.e the card is spinning. 
This Results in a maximum concentration of 
blackness along this circle, making it visible. 

The trick works with only one set of lines, but 
drawing a second set opposite the first will 
strengthen the illusion. 


26 


MISSING SLICE 
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A slice is obviously missing from the cake in this 
picture. To find the piece, turn the picture upside 
down. 

Here is the explanation of this startling optical 
illusion: When we turn the picture upside-down, it 
is still possible to view it as an inverted cake with a 
missing slice. But since we almost never see a cake 
from this odd angle, our mind has an irresistible 
tendency to interpret the ellipses as the side of a 
cake tin viewed from above. As a result, the straight 
lines are seen as a Solid slice of cake rather than as a 
depression left by a slice that has been removed. 
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SIXPENNY ILLUSION 


Can you place a sixpence flat on this picture of a 
table in such a way that the sixpence does not touch 
any of the four sides of the table top? 





It certainly looks possible, but when you try it, 
you will discover that the coin is too large. The 
illusion is caused partly by the angle of per-spective 
in the drawing and partly by the fact that six-pences 
are a trifle larger than we remember them to be. 
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SEE THROUGH YOUR HAND 





Roll a sheet of paper into a tube. Put one end of the 
tube to your right eye, like a telescope, and hold 
your left hand, with your palm towards you, against 
the tube. Both eyes must be kept open. Focus your 
vision on the opposite wall of the room. You will 
seem to be looking straight through a hole in your 
left hand! By sliding the hand back and forth along 
the tube, you can find a spot where it will look as 
though the hole is exactly in the centre of the palm 
of your hand. 


The illusion is the result of binocular vision. The 
out-of-focus image of the hand in your left eye 
overlaps what you see with your right eye. 

If you shift your focus to your left hand, you will 
see the hole move away from the hand. Change the 
focus back to a distant object, and the hole moves 
back to the hand again. 
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GHOST PENNY 





An interesting optical illusion is easily 
demonstrated with two pennies. Grip the pennies 
between the tips of your index fingers held 
vertically as shown in Fig. 1. Rub the pennies 
against each other with short, rapid, up and down 
movements. A third penny will mysteriously 
appear between and below the other two, as shown 
in Fig. 2. 

The ghost penny is caused by a momentary 
retention on your retinas of the images of the two 
coins in their lowest positions. But why the ghost 
penny always appears below and never above the 
real coins has never been satisfactorily explained. 
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SPOOKY SPIRAL 





Would you doubt that the picture above shows a 
spiral line twisting out from the centre? Trace any 
portion of it with the point of a pencil, and you will 
discover that it is not a spiral. It is a series of 
concentric circles. 

This remarkable optical illusion belongs to a 
class known as ‘twisted-cord illusions’. They may 
be produced by twisting together a black and white 
strand to make a single cord, and then placing the 
twisted cord on variously patterned backgrounds. 
There are many theories, but there is no general 
agreement among psychologists as to why these 
illusions deceive the eye. 
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PAPER MOVIES 





Cinematic motion is an illusion produced by a series 
of still images flashing rapidly across the screen. 
The principle is strikingly demonstrated with this 
paper toy. 

Fold in half a rectangular piece of paper, three 
by eight inches (Fig. 1). On the upper leaf draw the 
face in Fig. 2, on the lower leaf draw the face in Fig. 
3. Roll the upper leaf into a tube (Fig. 4). 

Your left finger holds the upper left corner to a 
surface, while your right hand holds a pencil above 
the curled leaf, as shown. Move the pencil rapidly 
up and down, causing the curled leaf to unroll and 
roll up again. An amusing motion-picture effect will 
result. 
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TWIRL A THAUMATROPE 


A thaumatrope is a toy device for demonstrating 
‘retinal retention’. This is the ability of the eye's 
retina to retain an image for a split second after the 
source of the image is withdrawn. A thaumatrope 
can be made as follows: 


Cut out a square piece of cardboard, each edge 
of which measures about 1.5 inches. Punch a hole 
near each of two opposite edges. Then attach short 
pieces of cord as shown. Draw a large fishbowl on 
one side of the square and a small fish on the other 
side. Hold a string between the thumb arid first 
finger of each hand. By sliding the thumbs over the 





fingers, you can twirl the square rapidly. While it is 
twirling, you will see a composite picture of the fish 
inside the bowl. 


PENCIL ILLUSIONS 


An astonishing sensory illusion can be produced 
with a pencil. Hold it between your thumb and first 
finger, near one end as shown. Then move the hand 
straight up and down in short, quick shakes, 
covering a distance of no more than two inches. Do 
not try to wiggle the pencil with your thumb and 
finger. Just hold it in a loose grip so that it wobbles 
slightly as your hand goes up and down. If this is 
done properly, the pencil will look exactly as 
though it were made of soft rubber that bends with 
every shake. 
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THE ILLUSORY PENDULUM 








A startling, little-understood optical illusion can be 
demonstrated with a pendulum and a pair of dark 
glasses. Make the pendulum by tying a small object 
to one end of a two-foot length of string. Let 
someone stand across the room and swing the 
pendulum back and forth on a plane perpendicular 
to your line of vision. 


View the pendulum by holding the spectacles so 
that only your right eye is seeing through a dark 
glass. Both eyes must remain open. The pendulum will 
appear to swing in a clockwise circle! 

Now transfer the dark glass to your left eye, 
keeping both eyes open as before. The pendulum 
will seem to swing anti-clockwise! 

Psychologists are not agreed on the cause of this 
puzzling illusion. Dr. R. Stuart MacKay of the 
University of California argues that the phenom- 
enon is related to the fact that images dimmed by 
the dark glass reach the brain a moment after the 
brighter images reach the other eye, but exactly how 
this causes the rotary motion remains obscure. 


3D 





HOT OR COLD? 
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Before thermometers were invented, everyone 
judged how hot or cold something was by the way it 
felt. The following simple experiment shows how 
unreliable this method is. 

Take three glasses. Fill one with very hot water, 
another with ice water, the third with water at room 
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temperature. Put a finger of one hand in the hot 
water, a finger of the other hand in the cold. Hold 
them there for about a minute. Then use the two 
fingers, one at a time, to test the temperature of the 
glass of water at room temperature. This water will 
feel warm to the finger that has been in cold water, 
but quite cool to the finger that has been in hot 
water. 

Judging subjectively (by personal reaction) 
rather than objectively (by scientific measurement) 
is one of the commonest causes of error. When you 
are in a hurry to get somewhere in a car, doesn't the 
traffic seem to move with annoying slowness? But 
when you are out for a Sunday drive, what a rush 
everyone else seems to be in! 
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TAKE ANOTHER LOOK! 
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If you glanced at the triangle above and read the 
words within it as 'Paris in the spring’, you had 
better take a second look. 

The fact is that most of us read by seeing certain 
word patterns as a whole (psychologists call this 
unified pattern a Gestalt), rather than by looking at 
each word individually. People who read rapidly in 
such a fashion make poor proof-readers because 
their eyes slide rapidly over mistakes like the 
repeated word in the triangle. 

You can have a lot of fun showing this triangle 
to your friends. You will be surprised how many 
cannot read it correctly even after six or seven 
attempts. 
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MNEMONIC AIDS 





Hard-to-remember bits of information can often be 
stored in the memory by using mnemonic 
(memory) aids. Here are several examples of how it 
can be done: 

Which side of a ship or aeroplane is the port 
side? You can remember that it is the left side, as 
you face forward, because 'left' and ‘port’ have the 
same number of letters. Is the port light red or 
green? Red, because port wine is red. Are stalactites 
or stalagmites found at the fops of caves? Stalactites 
because they stick tight to cavern ceilings. 

Mathematicians sometimes remember pi to 
seven decimal places by recalling the sentence, 'May 


og 


I have a large container of coffee?’ The number of 
letters in each word stands for a corresponding digit 
of pi. 

The illustration above shows how your fists may 
be used for remembering the number of days in 
each month. Mentally label the knuckles and the 
space between them, from left to right, with the 
names of the months in proper order. All ‘knuckle 
months' have 31 days. The others have 30, except 
February. It has 28 days, except in leap years, when 
it has 29. 
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GENERAL MATHEMATICS 


TOPSY-TURVY TUMBLERS 





Here is an amusing mathematical trick to surprise 
your friends. Position three empty drinking glasses 
in a row on a table, centre glass right side up and 
end glasses inverted, as shown. The idea is to turn 
two glasses at a time and, in exactly three moves, to 
get all of them the right side up. 


To demonstrate the procedure, take glasses A 
and B, one in each hand, and turn them both over 
simultaneously. Do the same with glasses A and C 
and then repeat with A and B. Result: all three 
glasses are upright. 

Now comes the furtive part. Casually .turn the 
centre glass upside down, and challenge someone 
to get all three of the glasses the right side up, as you 
have just done. 
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The chances are that no one will realise that you 
have rearranged the glasses. You started with two 
down, one up; now two are up, one down. The 
mathematics of the trick are such that, from this new 
starting formation, the puzzle cannot be solved in 
any number of moves. 

Your victims will be frustrated until some sharp- 
eyed spectator notices your sly move. 


REVERSE NOUGHTS AND CROSSES 





A mathematical game can sometimes be reversed so 
that the object of play is to force the other player to 
win. This usually results in a surprisingly different 
mathematical structure. Giveaway chequers is a 
familiar example. Less well known is the reverse 
form of noughts and crosses. In this, the first player 
to get three marks in a row loses. 
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This game is more complicated that the regular 
game. The second player has a strong advantage 
and can always win (if he plays correctly), unless the 
first player-opens in the centre cell. In that case, if 
the first player always takes a cell directly opposite 
his opponent's last move (so that three marks are in 
a line) the game is sure to end in a draw, as in the 
one shown. 

The best plan to follow in playing against 
someone who does not know the strategy just 
explained is to play each time so that you leave your 
opponent a maximum number of ways to win. Try a 
few games, and see how much fun it is. 


44 


—— 


TOPOLOGY & PROBABILITY 


TANGLED COUPLES 





The study of knots and linkages belongs to a branch 
of geometry called topology. Here is a topological 
puzzle that makes an entertaining party game. 

Divide, the guests into couples. Each couple ties 
a piece of string to their wrists, with the two strings 
linked together as shown. A prize goes to the lirst 
couple to unlink themselves without cutting or 
untying the cord. 

The puzzle is solved by passing the centre of one 
string under the string around the other person's 
wrist, then over his hand, and then back under the 
string again. 
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KNOTTY PROBLEM 
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Lay a piece of string on a table. Challenge anyone to 
seize one end in each hand and tie a knot without 
letting go either end. 

It seems physically impossible, yet it can be 
done easily. The trick is to fold your arms first, and 
then bend over and pick up the string as shown. 
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When you unfold your arms, a knot will form in the 
centre of the string. It is interesting to note that two 
geometrically distinctive types of knots can be tied 
in this manner, depending on whether you cross 
your right arm over the left or left over the right. The 
resulting knots are mirror images of each other. 


BOYS VERSUS GIRLS 


Let us suppose that you marry and have four 
children. How many will be boys, and how many 
will be girls? 
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There are three possibilities: they may all be of 
one Sex, there may be three of one sex and one of the 
other, or the sexes may be balanced two and two. 
Which possibility would you say was most likely? 

Most people think the 2-2 combination is most 
likely, but the most probable combination is actually 
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3-1, e.g. three boys and one girl or three girls and 
one boy. You can prove this by making a list of the 
16 possible permutations for four children, each of 
which may be male or female. 

You will discover that eight of these are 3-1, 
giving a probability of 8:16, or 1:2 that the children 
would comprise three boys and one girl or three 
girls and one boy. Only six permutations are 2:2, 
making the probability of this event 6-16 or 3:8. The 
remaining possibility - that they would all be of one 
sex-occurs only twice on the list, giving it a 
probability of 2:16, or 1:8. 


THE THREE CARDS 
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The odds of winning in certain games are often 
quite different from what you would expect. 
Suppose you have three cards: one is black on both 
sides (BB), one is white on both sides (WW), and one 
is black on one side and white on the other (BW). 
You shake them in a hat, then take out a card and 
place it on the table. What are the odds that the 
underside will match the upper? 

If the top of the card is black, you might reason 
as follows: "This can't be the WW card. Since it is just 
as likely to be the BB as the BW, the odds that the 
underside is black must be even.’ 

As a matter of fact, the odds are two to one! 
There are three, not two equally possible cases: (1) 
the visible black side is on the BW card: (2) it is one 
side of the BB; (3) it is the other side of the BB. In two 
of these cases the underside matches the upper, as 
against only one in which it doesn't. 
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TO TRISECT AN ANGLE 


Trisecting an angle, using only compass and 
straight edge, was one of the great classical 
problems of antiquity. Modern mathematics has 
proved it impossible, but here is a simple and 
ingenious mathematical device that trisects 
accurately. 





Cut a piece of cardboard to the pattern shown in 
Fig. 1. Place the device on the angle so that point A 
lies on one side of the angle, edge B intersects the 
angle's vertex, and the curved edge is tangent to the 
other side (Fig. 2). Make dots on the paper at points 
C and D, draw lines from the angle's vertex through 
the dots, and there you have it! If the angle is too 
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acute for the device to fit, you can always double the 
angle, trisect it, then bisect each trisection to obtain 
trisections for the original angle. 

Now see if you know your plane geometry well 
enough to prove that the instrument will trisect. 


SPIN A HYPOCYCLOID 


FIG.2 


FIG.L 


A hypocycloid is a curve traced by a point on the 
rim of a circle when the circle is rolled around the 
inside rim of a larger circle. For example, Fig. 1 
shows a three-cusped hypocycloid, called the 
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‘deltoid’, that results when the rolling circle has a 
diameter one-third that of the larger circle. 

See if you can guess the shape of a hypocycloid 
generated by a small circle with a diameter exactly 
one-half that of the large circle (Fig. 2). Then test 
your intuition by cutting a cardboard circle of the 
right size and rolling it around the inside of the rim 
of a circular pie dish. You will be surprised at the 
answer! 


GEOMETRICAL SHORTCUT 
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In most geometry classes, you are taught to find the 
centre of a given circle by a fairly complicated 
compass procedure. Here is a shortcut method used 
by commercial artists. It often comes-in handy. 
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Place the corner of a sheet of paper on the circle's 
circumference (Fig. 1), then mark points A and B 
where the-sides of the paper intersect the circle. The 
position Of the sheet does not matter in the least. 
Points A and B are certain to mark the ends of a 
diameter. 

Use the edge of the paper to lightly rule in the 
diameter, then repeat the procedure at a different 
spot to get another diameter (Fig. 2). The two lines 
intersect at the centre of the circle. 


DRAW A PERFECT ELLIPSE 





A circle is easily drawn with a compass, but how 
would you go about drawing a perfect ellipse? Here 
is an easy method. 

Stick two pins in a sheet of paper. Tie a string 
into a loop and put the loop over the pins. Stretch 
the string taut with the point of your pencil, as 
shown. Then move the pencil around the pins. It 
will trace a perfect ellipse. 
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This technique demonstrates the fundamental 
geometrical property of the ellipse: lines drawn 
from the two foci to any point on the ellipse always 
have a constant sum. In this case, the pins are at the 
foci, and string segments AC and BC. are the two 
lines to a common point on the curve. Since segment 
AB stays the same length, the sum of AC and BC 
must remain constant while your pencil traces the 
curve. 

As you move 
the pins’ closer 
together, keeping 
the same size loop, 
you'll find that the 
pencil traces 
broader and 
broader ellipses. 
When the foci come 
together, you will 
have a circle. 


PAPER-FOLD 
PROOF 
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Your geometry teacher may not approve of this 
absurdly simple way to prove that the sum of all the 
angles of a triangle is equal to a straight (180-degree) 
angle. All the same, the proof is quite convincing. 

Cut a triangle of any size or shape out of a piece 
of paper. By folding over the corners, as shown, you 
can easily make the three angles fit neatly together 
to form a straight angle at the triangle's base. 


THROUGH THE HOLE 





Place a halfpenny on a small square of paper, and 
trace a circle around it with a pencil. Cut out this 
circle (Fig. 1). Can a penny be pushed through this 
hole without tearing the paper? 
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The surprising answer in yes. Fold the paper 
across the hole, with the penny inside (Fig. 2). It is 
now a simple matter to push the coin through the 
hole, as shown in Fig. 3. For the trick to work, it is 
only necessary for the circumference of the hole to 
be slightly more than twice the diameter of the coin 
to be passed through it. 


PARADOX FOR SQUARES 


The four figures illustrate an amusing ‘proof’ that 
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the diagonal of a square is equal in length to twice 
the square's side! 

Suppose the side of the square measures 100 
units. In Fig. I, we drew a zigzag path from corner A 
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to corner B, making each step 25 units broad and 25 
units high. The length of this path is clearly 200 
units, which is twice the square's side. In Fig. 2, the 
steps are shortened to 20 units, but the length of the 
path remains the same. In fact, it remains 200 units 
no matter how small we make the steps (Figs. 3 and 
4), provided the sides of each step are parallel to the 
sides of the square. Eventually the steps become so 
minute that the path apparently will become a 
straight line. But it will still be 200 units long! 


The explanation is that no matter how small the 
steps are made, they will never vanish. In other 
words, the zigzag path will never become a straight 
line. ¢ 


PYTHAGOREAN PLEASANTRY 
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Hundreds of ingenious proofs have been devised 
for the famous Pythagorean theorem, or forty- 
seventh proposition of Euclid, which states that the 
square on the hypotenuse of a right-angled triangle 
equals the sum of the squares on the other two 
sides. Here is a highly unorthodox but convincing 
way to demonstrate the theorem with the aid ofa 
pair of scissors. 

First draw the squares on the two shorter sides 
of any right-angled triangle. Divide the square on 
the larger of these sides into four parts by two lines 
at right angles to each other and intersecting at the 
centre of the square. One of these lines must be 
parallel to the triangle's hypotenuse. 

Now cut out the small square and the four parts 
of the larger one. You will find that these five pieces 
will fit together neatly to form the square on the 
hypotenuse! Now that you have demonstrated the 
theorem, can you prove it mathematically? 
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NUMBERS 


MATCHES IN THE FIST 


If you add all the digits of anumber and subtract the 
total from the original number, you will find that the 
answer will always be a multiple of nine. An 
entertaining mind-reading trick can be based on this 
curious fact. 





Hand an unused folder of paper matches to 
someone. Turn your back and request him to follow 
these instructions: 

1. Tear out any number of matches from 1 to 10 
and put them in his pocket. 
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2. Count the remaining matches, add the two 
digits of this number, and tear out matches that 
correspond to this total. For example: if he counts 16 
matches in the folder, 1 plus 6 is 7, so he tears out 7 
matches. These matches are also pocketed. 

3. Tear out any number of the remaining 
matches, this time holding them in his first. 

You turn around, glance at the open folder, and 
tell him the number of matches he is holding in his 
fist. 

The secret: Step 2 above will always leave 9 
matches. Count the matches left in the folder and 
subtract from 9 to learn the number he has 
concealed in his fist. 


MAGIC WITH DICE 


The fact that opposite sides of a dice always total 
seven underlies many unusual mathematical tricks 
with dice. Here is one of the best. 

Turn your back while someone tosses three dice. 
Ask him to: (1) add all the uppermost faces; (2) pick 
up one of the dice and add the bottom face to the 
former total; (3) roll this same dice again and add the 
number it shows on top to the previous total. 

Turn around and point out that you have 
absolutely no way of knowing which of the three 
dice was used for the second roll. Pick up the dice, 
shake them in your hand a moment, and then 
announce the correct total! 
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How do you know? Simple. Merely total the top 
faces of the three dice before you pick them up, and 
add seven. With a little thinking, you should be able 
to see why this works. 


THE MAGIC WINDOW 


Ask someone to jot down any three-digit number in 
which the first and last digits differ by at least 2. 
Suppose he writes 317. Tell him to reverse the digits 
and subtract the smaller number from the larger 
(713 minus 317 leaves 396). Finally, he must reverse 
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the digits in this answer and add them to the answer 
(693 plus 396 equals 1089). 

‘Now if you will please breathe on that 
windowpane/ you say to him, pointing to one of the 
windows in the room, 'you'll see your final answer 
.on the glass.’ When he breathes on the glass, the 
number 1089 magically appears on the misted pane! 

The secret is quite simple: the answer is always 
1089. 

Before doing the trick, mix some detergent in a 
glass of water, dip your finger in the liquid, and 
write 1089 with the tip of your finger on the 
windowpane. The writing is invisible when dry, but 
when someone breathes on the glass the area 
touched by your finger will not fog. 
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LIGHTNING ADDITION 


45623 
84376 
2704 3 
72956 








Anyone can be a lightning-fast calculator if he 
knows the secret of this addition trick: 

Ask someone to write any five-figure number on 
the blackboard. You then write a five-figure number 
beneath it, apparently at random. Actually, you 
choose your digits so that each one, added to the 
digit above it, will total nine. For example: 

His number: 45623 

Yournumber: 54376 


Tell the person to put a third five-figure number 
beneath your number. You then write a fourth 
number, using the same nine-principle. After he has 
written a fifth number, you draw a line under it and 
without a moment's hesitation write the correct 
total. More startling still, you write it from left to 
right! 
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How do you do it? Just subtract 2 from the fifth 
number and put 2 in front of what is left. For 
example'if the fifth number is 48765, the total will 
be 248763. 


DIGITAL COMPUTER 
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In parts of Russia, peasants still use their fingers as 
‘digital computer’ (an appropriate name!) for 
multiplying numbers from 6 to 10. The method is 
interesting. Want to try it? 

Mentally number your fingers from 6 to 10, as 
shown in. Fig. 1. Suppose you wish to multiply 7 by 
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8. The tip of a 7-finger (on either hand) is placed 
against the tip of the 8-finger on the other hand (Fig. 
2). The touching fingers, together with all fingers 
below them on both hands, represent tens. In this 
case there are 5 such fingers. Five tens are 50. 

The next step is to multiply the number of 
remaining fingers on the left hand by the number of 
remaining fingers on the right. Three times 2 is 6. 
Then add 6 to 50 to obtain the final answer: 56. The 
method never fails. 


CRAZY MULTIPLICATION 


There are many methods of multiplying numbers of 
more than one digit. Here is one of the strangest. 

Suppose you wish to multiply 23 by 17. Half of 
23 is 11.5. Ignore the fraction, and put 11 under 23 as 
shown. Half of 11 is 5.5. Again ignore the fraction, 
and put down 5. In short, form a column of 
successive divisions by 2, omitting all remainders. 
Continue until you reach 1. 

Form a corresponding column under 17. But this 
time double each number to obtain the one below. 
Continue until you have a number opposite the 1 in 
the left-hand column. Draw a line through any row 
(in this case there is only one) that has an even 
number on the left. Now add the numbers 
remaining in the right-hand column. Believe it or 
not, the answer will be the product of 23 and 17. The- 
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method is based on the binary number system and 
works with any pair of numbers, no matter how 
large. 

Why it works is too complicated to explain here. But 
if you are interested, you will find it clearly 
explained in Chapter 3 of Helen Merrill's 
Mathematical Excursions (made available as a 
paperback by Dover Publications). 





MAGIC MULTIPLICATION 


Here is an amusing number trick to show your 
friends. 

First, jot down on a sheet of paper the 'magic 
number' 12,345,679. It's an easy number to 





remember because it consists simply of all the digits 
(numbers from 1 to 9) in serial order with the 8 
omitted. 


Now ask a friend to tell you his favourite digit. 
Whatever number he chooses, multiply it in your 
head by 9 and write the result beneath the magic 
number. For example, if he tells you his favourite 


70 


digit is 3, you put 27 below the magic number. Then 
ask him to multiply 12,345,679 by 27. The answer is 
sure to astound him, for it will consist entirely of 3's: 
-the very digit he selected! 

The trick works just as well with any digit. Try it 
and see. 
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Science has a great influence 
on our lives. It provides the 
basis of much of modern 
technology. 


Conducting experiments is a 
major tool in developing and 
testing scientific theories. 

Exploring Science and 
Searching Science have great 
appeal because they have 
experiments which in addition 
to being amusing, astonishing, 
or entertaining, also teach 
something of importance 
about science. And what's 
more, the experiments do not 
require special equipment. 


No books entertain more 


while educating 
g" 7esi71" 915302 
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